The arising critical implications of G-protein-coupled receptor kinase 2 and 5 (GRK2 and 5) in cardiovascular disease including myocardial infarction and heart failure, have been attracting attention and inhibitors of GRK2 and 5 were considered as a novel therapeutic strategy to prevent and treat cardiovascular disease. Despite this large therapeutic potential, to date few GRK2 and 5 inhibitors have been reported under development. As a part of drug research program to identify novel and potent GRK2 and 5 inhibitor, we found that a series of 3-(benzo[d]oxazol-2-yl)-5-(1-(piperidin-4-yl)-1H-pyrazol-4-yl) pyridin-2-amines was a novel scaffold for GRK2 and 5 inhibitor. Moreover, the N-substituted benzoxazole derivative (1o), bearing a pyrrolidine at R3 position, exhibited the most potent inhibitory activity to GRK5 and moderate to GRK2. This research highlight discusses the processing and findings of the recent study.
Heart failure (HF), leading cause of death and illness worldwide, often occurs as an end-phase of pathological myocardial hypertrophy in the elderly [1] . Initially, hypertrophy is regarded as an accommodative cardiac response that contributes to keep cardiac output from a variety of stress such as systemic hypertension and myocardial infarction. However, hypertrophy accompanied by chronically elevated stresses represents a shift from adaptive to maladaptive response that leads to cardiac remodeling and dysfunction, eventually resulting in HF [2, 3] .
Multiple molecular pathways regulate cardiac hypertrophy via modulation of G protein-coupled
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receptors (GPCRs) to a variety of ligands, such as hormones, neurotransmitters, and environmental stimuli [4] . Several mechanisms have been studied extensively but remain unclear. Among these pathways, GPCR kinases (GRKs)-mediated regulation of GPCR through direct phosphorylation of receptors have proposed as a general mechanism [5] . When an agonist binds to GPCR, it activates a cellular signal transduction cascade through G proteins, but also induces GRKs/β-arrestin-mediated events to prevent excess stimulation. An interaction between GRKs and agonist-bound GPCRs lead to binding of β-arrestin, where it can phosphorylate the activated receptor, resulting in inhibition of further G protein activation which are deeply implicated with HF [6] . One of the defining characteristics of HF is pathologic impairment of β-adrenergic receptor (β-AR) systems. In the failing heart, the decrease of cardiac output induces to increase circulating catecholamines concentration, which subsequently results in severe uncoupling of β-ARs and a loss of inotropic reserve, and it appears to closely correlate with GRK2 and 5 up-regulation [7, 8] .
GRK2 is known as β-AR kinase that is expressed highly in the heart. After the relationship between cardiac remodeling and overexpression of GRK2 had been found, GRK2 has been considered as a pharmaceutical target for the treatment of HF [9] . Indeed, GRK2 inhibition, such as a cardiac specific overexpression of GRK2 inhibitory peptide, βARKct, or by cardiac-specific gene deletion in animals, effectively ameliorates ventricular dysfunction in animal models of HF [10] . In contrast to GRK2, GRK5, the other major cardiac GRK, has been defined not only by its β-ARs desensitization property but also by nuclear accumulation in failing heart and nuclear histone deacetylase (HDAC) kinase activity [11] . Noteworthy, nuclear HDAC kinase activity of GRK5 enhances fetal gene expression relating to cardiac hypertrophy [12] , and thus reducing activity of GRK5 in the nucleus represents a viable drug target to treat HF.
As such, GRK2 and 5 are emerging as an attractive therapeutic target. Despite this large therapeutic potential, to date few GRK2 inhibitors have been identified and GRK5 inhibitors in public have been unknown. Recently, some pharmaceutical companies such as Takeda Pharmaceuticals, Inc., Sanofi, and Aerie pharmaceuticals have developed potent GRK2 inhibitors which possess the binding activity in the active site of GRK2, however these have not advanced to clinical trials (http://integrity.thomson-pharma.com/integrity/ reports).
In our recent study entitled "Design and synthesis of novel 3-(benzo[d]oxazol-2-yl)-5-(1-(piperidin-4-yl)-1H-pyrazol-4-yl)pyridin-2-amine derivatives as selective GRK2 and 5 kinase inhibitors [13] ", we performed a pilot of high throughput screening (HTS) campaign, chemical synthesis, biochemical evaluation, and structure-activity relationships (SAR) based on novel scaffolds. The pilot HTS campaign for the search of GRK2 and 5 novel scaffolds was carried out using the library of the most diverse set consisting of 15,040 compounds and 284 focuslibrary set. These chemical libraries used in this study were supported by the Korea Chemical Bank (KCB), which is operated by Korea Research Institute of Chemical Technology with participation of nation-wide industries, academia and research institution involved in drug discovery programs. The chemical library of KCB was classified into 200 major classes and 1,200 subclasses with skeletal and functional group diversity and maintained under the "PharmaCore" system to analyze the chemical diversity. From a pilot HTS campaign, we have identified a novel series of benzoxazole derivatives, containing the amine group, as hit compounds. The SAR investigation focused on the exploring to the effects of substituents on amine group of benzoxazole derivatives at R2 and R3 position. Of amine substituents, piperidinyl and pyrrolidinyl substituent on R2 position of benzoxazole has moderate inhibitory activity toward GRK5. Moreover, the N-substitution of pyrrolidine at R3 position of benzoxazole exhibits the most potent inhibitory activity to GRK5 and moderate to GRK2, while the other introduction of pyrazole, aromatic-oxy, heteroaromaticoxy, amide, sufonyl amide, and urea functionalities at R3 position of benzoxazole was not observed acceptable GRK2 and 5 inhibitions. Among derivatives, the 3-(benzo[d]oxazol-2-yl)-5-(1-(piperidin-4-yl)-1H-pyrazol-4-yl) pyridin-2-amine (1o) was found to exhibit the most potent inhibitory activity to GRK2 and 5 with IC50 values of 0.46, 0.059 µM, respectively.
In the molecular docking study using the crystal structure of GRK2, the residue D272 and M274 in the hinge region of GRK2 was particulary defined as interaction site, which hydrogen bonds were similar with those of GRK1 and GRK6 with ATPs. In addition, the π-cation interation with K220 and the hydrophobic interation with V205 and L324 of GRK2 enhances the activity of the compound 1o. Moreover, the pyrrolidine moiety of compound 1o has a hydrophobic core to interact with F202, L222, L235, and G337 of GRK2. These results indicate that the N-substitution of pyrrolidine at R3 position of benzoxazole, which serves as hydrophobic core donor, might be a critical role for inhibition to GRK2.
In the present, we have begun to explore cell-based and animal model-based pharmacological evaluation of compound 1o. Particularly, we expect that benzoxazlole derivatives may represent a new class of potent GRK2 and 5 inhibitors. Our findings provide important information for the design of novel GRK2 or 5 inhibitors.
